Slit coater method as a fabrication process for flexible type liquid crystal display (LCD) is one of a suitable technique because of its unnecessity of thermal and vacuum process. In our previous study, planar and/or vertical alignment properties for liquid crystal (LC) by means of the slit coater method, where the doped reactive mesogens was UV-polymerized and played a role of LC alignment film, were demonstrated. In this paper, a dependence of pretilt angle on the UV irradiation condition such as the irradiation energy and wavelength was investigated.
Introduction
For over a decade, abbreviation "FPD" has meant Flat panel display [1] . Nowadays, engineer's concern has shifted from flatness to flexibility. Because, FPD such as liquid crystal display (LCD) and/or organic light emitting diode (OLED) has attained sufficient thinness, and robustness of FPD became more important than thinness and lightness [1, 2] . In addition, the word 'panel' will be replaced by 'paper-like' [3] . Needless to say, conventional publication media are published with a printing press. In a near future, 'flexible paper-like displays' (say novel FPD) will be fabricated with well-contrived printing machine. With regard to the substrate for LCD, glass is widely used at present. Shortcomings of glass substrate are the lack of mechanical flexibility and the production cost. Plastic films such as polyethylene terephthalate (PET) and polycarbonate (PC) have a potential to be replaced by glass substrate because of its flexibility and low price. However, one of the inherent shortcomings of plastic film is heat shrinking property. Let us consider the case of LCD.
PET and PC itself does not have any liquid crystal (LC) alignment ability. Generally, molecular alignment layer composed of polyimide (PI) is coated on a substrate, then thermal curing process and alignment process such as rubbing are performed. In this thermal curing process, these plastic substrates are shrunk. That is, plastic substrate is not applicable to the present manufacturing process. Therefore new development of LCD fabrication which uses neither thermal nor vacuum process is strongly desired.
Recently some PI-less technologies have been proposed so as to reduce the number of the fabrication process. One is essentially development of the LCD mode which does not require any alignment layer, for example, polymer stabilized blue phase LCD [4] . Another is development of the orientation technique replaced with PI. C. -W. Su and J. -T. Lien proposed a vertical alignment technique without using alignment PI films [5] . In their technique, two kind of UV reactive monomer were mixed with host nematic LC mixture by one drop fill (ODF) process. After the first UV irradiation, a polymer layer can be formed on the inside surface, which have an ability to predetermine alignment direction and pretilt angle. Secondly another polymer layer can be formed on the polymer layer which finished polymerization previously. [5] . In the case of their technique, firstly polymerized layer is required to prepare the initial alignment. In regard to the secondly polymerized layer, preceding demonstrations in which the similar reactive mesogens are employed have been reported [6, 7] . The mechanism is basically common in all these demonstrations; vertical alignment is prepared beforehand, then the LC molecular alignment near the substrate surface is anchored by UV polymerized layer. As necessary, an electric voltage is applied to the LC layer during the UV polymerization simultaneously [7] . Noticing the usefulness of this UV polymerization technique, we proposed two kinds of PI-less planar alignment techniques. One is a planar alignment transcription technique by means of a gravure printing [8] . The other is a slit coater method [9] [10] [11] [12] . Slit coater is also called dye coater or lip coater and is widely used for painting or spreading a fluid with uniform thickness. It was experimentally demonstrated that the LC layer coated by the slit coater formed uniaxial planar alignment, which can be caused by the shear flow effect. It should be highlighted that the alignment film is not required to be coated on the substrate. Numerical simulation based on the finite volume method also supported this hypothesis [10] . It is demonstrated that flexible LCD with the satisfying performance is producible, where the surface azimuthal anchoring energy is long-term stable and reaching 10 -5 J/m 2 [11] . Controlling the pretilt angle is also an important subject in LCD performance. In our preliminary investigation, it is predicted that pretilt angle can be controlled by the irradiation UV energy [9, 12] . In this paper, further investigation with regard to the pretilt angle under the various UV irradiation condition is demonstrated. Figure 1 shows the slit coater system and its schematic diagram, including the slit nozzle and UV-light source. Liquid crystal mixture as a coating fluid is composed of nematic liquid crystal compound and UV-reactive mesogens. As an LCD substrate, plastic film such as polyethylene terephthalate (PET) and polycarbonate (PC) is applicable instead of conventional glass plate. Indium-tin-oxide (ITO) electrode is preformed on the substrate as necessary. It should be emphasized that the alignment film is not coated on the ITO or substrate. The substrate on the carrier stage is moved to receive an LC substance coating on one side, and the LC molecular alignment is self-organized by the shear flow effect. Figure 2 illustrates the enlarged view around the slit nozzle. UV irradiation from the bottom side of the substrate is carried out simultaneously to polymerize a thin LC layer adjacent to the substrate. A locally polymerized LC region acts as a molecular alignment film whose thickness is expected to be several ten nanometers. Consequently, the slit coater can be used to achieve both LC filling and molecular alignment. 3. Experimental 3.1. LCD sample preparation Host nematic LC compound used in our experiment was ZLI-2293 (Merck Japan). UV Reactive mesogens mixture used is composed of acrylate derivatives doped with photo initiator (UCL-011-K1, DIC), which was added 1.0wt% into the host LC. Slit coater machine was assembled by Toray Engineering Co. Ltd. The slit width, the slit length, the coating gap between the slit nozzle and the substrate were fixed at 20 μm, 13 mm and ~100 μm, respectively. The stage moving speed was 0.5 mm/s. LC film was formed on the ITO-coated glass substrate by the slit coater, the nominal thickness on the LC layer is 2.0 m. UV-photopolymerization was done by UV light source (Spot Cure SP9-250DB, Ushio), the duration of UV irradiation is fixed at 30 s. Spectral power distribution curve of the UV light source is shown in Figure 3 . For the purpose of discriminating the effective UV wavelength to induce pretilt angle, UV spectra passing through band pass filter (U340, LA20, HOYA co.) are also shown in Fig.3 .
Slit coater method
Two pieces of LC coated substrates were prepared, then sandwich-type LCD was fabricated by pasting together one LC layer surface on the other LC layer surface, with the coating direction of the two LC films set anti-parallel to each other. In the case of twisted-nematic (TN) LCD, the coating direction of the two LC films set perpendicular to each other when the two LC coated film is pasting. Finally the edge of the LCD sample was sealed by compound.
Measurement
After the LCD fabrication was completed, the LC textures were observed by polarizing optical microscopy (POM) (Eclipse LV100 POL, Nikon). The pretilt angle of samples was evaluated by the LCD device parameter measurement system (EC-1, Toyo). The topographic image of the polymerized surface was taken by atomic force microscope (AFM) (SPM-9700, Shimadzu), where we used dynamic mode. Figure 4 shows a texture of the TN-LCD fabricated by slit coater method, where the UV exposure dosage for the polymerization was ranging 5 mW/cm 2 to 15 mW/cm 2 , respectively. The texture was photographed by POM under the crossed nicols. First, let's see the case where the UV exposure dosage is 5 mW/cm 2 . As shown in upper left picture, homogeneous alignment was observed without applied voltage. When 10 V is applied to the LCD sample, it is found a number of loop defect emerged, which indicates the reverse tilt domains. When 30 V was applied to the LCD sample, the number of loop defect and domains decreased because the LC molecules were realigned by the applied voltage. In the case where the UV exposure dosage was 15 mW/cm 2 , no loop defect was found. This implies the pretilt arises. However, unexpected striation in texture was clearly found. When 10 V was applied, the texture looked like tartan check. This striation in texture is similar to the rubbing scratch problem which causes the leakage of light and deteriorates the contrast ratio in LCD [13, 14] . Some causes by which such a non-uniformity LC alignment occurs are assumed. During the LC coating onto the substrate, turbulence of LC flow arises inside the bead which is formed between the slit nozzle and substrate. D. Grecov and A. D. Rey predicted theoretically the mechanism of the shear-induced textural transformation and defect nucleation [15, 16] . It should be emphasized that the flatness and cleanness around the nozzle lip are quite important to make the coated LC texture homogeneous. Figure 5 shows the dependence of the pretilt angle on the UV exposure dosage during the LC coating. The sandwich type LC cells measured were fabricated as such that the LC coating direction set parallel to each other. It was found that the pretilt angle increased as increasing the UV dosage up to 20 mW/cm 2 . When the UV exposure dosage was set to more than 30 mW/cm 2 , the surface LC alignment became almost vertical alignment. It is interesting that the pretilt angle is dependent on UV exposure dosage, and the reason should be discussed. One possible cause is the surface hydrophobicity of the substrate [17] . However, in general, UV irradiation leads to hydrophilicity rather than hydrophobicity. Another possible cause is the concentration of polymerized mesogens near the surface [18] . It is suggested that the strong UV irradiation may promote the localization of polymerization near the surface. Figure 6 shows a typical result of the UV exposure dosage (mW/cm topographic image of the LC-polymerized surface taken by AFM. The sample surface was prepared as such that the LC layer was roughly removed by water after LC coating and UV polymerization. As shown in Fig. 6 , polymer bumps whose size was several tens of nanometers were found on the polymer coated substrate. This topographic image implies that the LC and polymer are intermingled near the substrate surface and formed the anchoring layer. The process condition is also an important factor for the pretilt angle. We know from our experiment that when the LC layer was polymerized with using light emitting diode (LED), the resultant surface alignment was not vertical but planar while the LED used had very sharp spectrum at 365 nm and emitting power was 100mW/cm 2 . This experimental result is contrary to Fig. 5 . For the purpose of studying the relationship between the UV spectrum and LC surface alignment, band pass filter was inserted when the LC was coated and polymerized with using SP9-250DB. As a result, it is found that the vertical LC alignment was observed only when the filter U340 was inserted. However, in the case where the filter LA20 was inserted, vertical LC alignment could not be observed even though the UV dosage was increased. Following the spectral distribution curves shown in Fig. 3 , it seems that middle-UV such as 312 nm is effective to prepare a vertical alignment. We regret that the chemical formulae of the UV reactive mesogen and photo initiator are not opened. The mechanism of surface alignment with high pretilt angle from the view point of the LC compounds and surface topography is quite important subject and will be investigated continuously in future.
Results and Discussion

Conclusion
The slit coater method was developed for the planar alignment process from the first. One of the most excellent features in this technique is that neither vacuum nor high temperature process is required. In this paper, it is demonstrated that high pretilt angle can be emerged by appropriate UV exposure dosage and UV spectrum. A possible cause of the high pretilt angle is the concentration of polymerized mesogens near the surface and its topographic structure. The relationship between the pretilt angle and surface topographic structure of the polymerized surface is an important subject and will be reported elsewhere.
